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Preface

This document stipulates protocols for measuring bio-optical and radiometric data for the Sensor
Intercomparison and Merger for Biological and Interdisciplinary Oceanic Studies (SIMBIOS) Project activities and
algorithm development. The document is organized into 7 separate volumes as:

Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 4

Volume I: Introduction, Background and Conventions

Volume II: Instrument Specifications, Characterization and Calibration

Volume III: Radiometric Measurements and Data Analysis Methods

Volume IV: Inherent Optical Properties: Instruments, Characterization, Field Measurements and Data
Analysis Protocols

Volume V: Biogeochemical and Bio-Optical Measurements and Data Analysis Methods

Volume VI: Special Topics in Ocean Optics Protocols

Volume VII: Appendices

The earlier version of Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 3 (Mueller
and Fargion 2002, Volumes 1 and 2) is entirely superseded by the seven Volumes of Revision 4 listed above.

The new multi-volume format for publishing the ocean optics protocols is intended to allow timely future
revisions to be made reflecting important evolution of instruments and methods in some areas, without reissuing the
entire document. Over the years, as existing protocols were revised, or expanded for clarification, and new protocol
topics were added, the ocean optics protocol document has grown from 45pp (Mueller and Austin 1992) to 308pp in
Revision 3 (Mueller and Fargion 2002). This rate of growth continues in Revision 4. The writing and editorial tasks
needed to publish each revised version of the protocol manual as a single document has become progressively more
difficult as its size increases. Chapters that change but little, must nevertheless be rewritten for each revision to
reflect relatively minor changes in, e.g., cross-referencing and to maintain self-contained consistency in the protocol
manual. More critically, as it grows bigger, the book becomes more difficult to use by its intended audience. A
massive new protocol manual is difficult for a reader to peruse thoroughly enough to stay current with and apply
important new material and revisions it may contain. Many people simply find it too time consuming to keep up
with changing protocols presented in this format - which may explain why some relatively recent technical reports
and journal articles cite Mueller and Austin (1995), rather than the then current, more correct protocol document. It
is hoped that the new format will improve community access to current protocols by stabilizing those volumes and
chapters that do not change significantly over periods of several years, and introducing most new major revisions as
new chapters to be added to an existing volume without revision of its previous contents.

The relationships between the Revision 4 chapters of each protocol volume and those of Revision 3 (Mueller
and Fargion 2002), and the topics new chapters, are briefly summarized below:

Volume I: This volume covers perspectives on ocean color research and validation (Chapter 1), fundamental
definitions, terminology, relationships and conventions used throughout the protocol document (Chapter 2),
requirements for specific in situ observations (Chapter 3), and general protocols for field measurements, metadata,
logbooks, sampling strategies, and data archival (Chapter 4). Chapters 1, 2 and 3 of Volume I correspond directly to
Chapters 1, 2 and 3 of Revision 3 with no substantive changes. Two new variables, Particulate Organic Carbon
(POC) and Particle Size Distribution (PSD) have been added to Tables 3.1 and 3.2 and the related discussion in
Section 3.4; protocols covering these measurements will be added in a subsequent revision to Volume V (see
below). Chapter 4 of Volume I combines material from Chapter 9 of Revision 3 with a brief summary of SeaBASS
policy and archival requirements (detailed SeaBASS information in Chapter 18 and Appendix B of Revision 3 has
been separated from the optics protocols).

Volume II: The chapters of this volume review instrument performance characteristics required for in situ
observations to support validation (Chapter 1), detailed instrument specifications and underlying rationale (Chapter
2) and protocols for instrument calibration and characterization standards and methods (Chapters 3 through 5).
Chapters 1 through 5 of Volume II correspond directly to Revision 3 chapters 4 through 8, respectively, with only
minor modifications.
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Volume III: The chapters of this volume briefly review methods used in the field to make the in situ
radiometric measurements for ocean color validation, together with methods of analyzing the data (Chapter 1),
detailed measurement and data analysis protocols for in-water radiometric profiles (Chapter 2), above water
measurements of remote sensing reflectance (Chapter I1I-3), determinations of exact normalized water-leaving
radiance (Chapter 4), and atmospheric radiometric measurements to determine aerosol optical thickness and sky
radiance distributions (Chapter 5). Chapter 1 is adapted from relevant portions of Chapter 9 in Revision 3. Chapter
2 of Volume III corresponds to Chapter 10 of Revision 3, and Chapters 3 through 5 to Revision 3 Chapters 12
through 14, respectively. Aside from reorganization, there are no changes in the protocols presented in this volume.

Volume IV: This volume includes a chapter reviewing the scope of inherent optical properties (IOP)
measurements (Chapter 1), followed by 4 chapters giving detailed calibration, measurement and analysis protocols
for the beam attenuation coefficient (Chapter 2), the volume absorption coefficient measured in situ (Chapter 3),
laboratory measurements of the volume absorption coefficients from discrete filtered seawater samples (Chapter 4),
and in situ measurements of the volume scattering function, including determinations of the backscattering
coefficient (Chapter 5). Chapter 4 of Volume IV is a slightly revised version of Chapter 15 in Revision 3, while the
remaining chapters of this volume are entirely new contributions to the ocean optics protocols. These new chapters
may be significantly revised in the future, given the rapidly developing state-of-the-art in IOP measurement
instruments and methods.

Volume V: The overview chapter (Chapter 1) briefly reviews biogeochemical and bio-optical measurements,
and points to literature covering methods for measuring these variables; some of the material in this overview is
drawn from Chapter 9 of Revision 3. Detailed protocols for HPLC measurement of phytoplankton pigment
concentrations are given in Chapter 2, which differs from Chapter 16 of Revision 3 only by its specification of a new
solvent program. Chapter 3 gives protocols for Fluorometric measurement of chlorophyll a concentration, and is not
significantly changed from Chapter 170f Revision 3. New chapters covering protocols for measuring, Phycoerythrin
concentrations, Particle Size Distribution (PSD) and Particulate Organic Carbon (POC) concentrations are likely
future additions to this volume.

Volume VI. This volume gathers chapters covering more specialized topics in the ocean optics protocols.
Chapter 1 introduces these special topics in the context of the overall protocols. Chapter 2 is a reformatted, but
otherwise unchanged, version of Chapter 11 in Revision 3 describing specialized protocols used for radiometric
measurements associated with the Marine Optical Buoy (MOBY) ocean color vicarious calibration observatory.
The remaining chapters are new in Revision 4 and cover protocols for radiometric and bio-optical measurements
from moored and drifting buoys (Chapter 3), ocean color measurements from aircraft (Chapter 4), and methods and
results using LASER sources for stray-light characterization and correction of the MOBY spectrographs (Chapter 5).
In the next few years, it is likely that most new additions to the protocols will appear as chapters added to this
volume.

Volume VII. This volume collects appendices of useful information. Appendix A is an updated version of
Appendix A in Revision 3 summarizing characteristics of past, present and future satellite ocean color missions.
Appendix B is the List of Acronyms used in the report and is an updated version of Appenix C in Revision 3.
Similarly, Appendix C, the list of Frequently Used Symbols, is an updated version of Appendix D from Rev. 3. The
SeaBASS file format information given in Appendix B of Revision 3 has been removed from the protocols and is
promulgated separately by the SIMBIOS Project.

In the Revision 4 multi-volume format of the ocean optics protocols, Volumes I, II and III are unlikely to
require significant changes for several years. The chapters of Volume IV may require near term revisions to reflect
the rapidly evolving state-of-the-art in measurements of inherent optical properties, particularly concerning
instruments and methods for measuring the Volume Scattering Function of seawater. It is anticipated that new
chapters will be also be added to Volumes V and VI in Revision 5 (2003).

This technical report is not meant as a substitute for scientific literature. Instead, it will provide a ready and
responsive vehicle for the multitude of technical reports issued by an operational Project. The contributions are
published as submitted, after only minor editing to correct obvious grammatical or clerical errors.

il
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Chapter 1

Overview of Radiometric Measurement and Data Analysis
Methods

James L. Mueller
Center for Hydro-Optics and Remote Sensing, San Diego State University, California

1.1 INTRODUCTION

The chapters of this volume cover protocols for determining water-leaving radiance from shipboard
radiometric measurements in-water (Chapter 2) and above-water (Chapter 3). Protocols for determining exact
normalized water-leaving radiance from measured water-leaving radiance are presented in Chapter 4. Finally,
protocols for deriving aerosol optical depth, and other atmospheric optical properties, from atmospheric
radiometric measurements are described in Chapter 5. Chapters 2 through 5 correspond, respectively, to Chapters
10, 12, 13 and 14 of Revision 3 to the ocean optics protocols document (Mueller and Fargion 2002).

Protocols covering methods for deriving water-leaving radiance from radiometer arrays mounted on buoys are
covered in Volume VI, Chapters 2 and 3. Determinations of water-leaving radiance from radiometric measurements
on aircraft are discussed in Volume VI, Chapter4.

1.2 IN-WATER RADIOMETRIC PROFILES

Methods for measuring radiometric profiles of spectral upwelled radiance L(z,A), downward irradiance Eq(z,A),
upward irradiance Ey(z,A) and surface incident irradiance Eg[#(z),A] (above-water) are presented in Chapter 2. The
notation #(z) indicates that £g[#(z),A] is measured simultaneously with the underwater measurements at depth z. The
content of this chapter is largely derived from Mueller and Austin (1995), but the presentation was reorganized in
Revision 2 of the protocols (Fargion and Mueller 2000), where it appeared as Chapter 9, to treat the topic in a more
unified way. Subsequently, there have been only minor editorial changes in this chapter in its appearance as Chapter
10 in Revision 3 (Mueller and Fargion 2002) and here in Revision 4 as Volume III, Chapter 2.

The in-water radiometric measurement methods protocols address ship shadow avoidance, depth resolution in
profiles, acquisition of instrument dark readings, and instrument attitude alignment. The protocols identify ancillary
measurement and metadata to be acquired and recorded in a log during each radiometric profile measurement. Data
analysis recommendations include methods for determining of the respective diffuse attenuation coefficients
Ki(z, L), Ky(z, 1) and K(z, L) profiles, extrapolating L,(z, A) to the surface to determine L,(0", A) and its transmission
through the interface to estimate water-leaving radiance Ly(A) and remote sensing reflectance Rrs(A). The omission
of directional notation in these quantities (cf. below) indicates they are oriented normal to the sea surface, e.g. Lw()\)
is emitted from the surface in the zenith direction 6 =0. The analysis protocols also address application of
instrument calibration factors, dark corrections and depth offsets, as well as a recommended method for instrument
self-shading corrections of L,(0,A). The effects that finite bandwidths and Raman scattering have on the
radiometric quantities are briefly reviewed, but the present version of the protocols does not include a recommended
method for corrections related to either phenomenon. Methods for including Raman scattering corrections in the

computation of exact water-leaving radiance L3, (X) from Lw(A) are described in Volume III, Chapter 4.

1.3 ABOVE-WATER REMOTE-SENSING REFLECTANCE

Volume III, Chapter 3 presents the provisional protocols for deriving water-leaving radiance from above-water
measurements of total radiance leaving the sea surface at a given zenith and azimuth angle, and of sky radiance at
associated zenith and azimuth angles. The contents of Chapter 3 have not changed significantly from Revision 2 to
the protocols (Fargion and Mueller 2000), where it appeared as Chapter 10, or from Chapter 12 in Revision 3
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(Mueller and Fargion 2002). The Mueller and Austin (1995) provisional protocols for above-water radiometric
measurements are seriously flawed and should not be used under any circumstances.

Proposed protocols are reviewed in Volume III, Chapter 3 for deriving water-leaving radiance
L, (%6,0€Q0,:6,) and remote-sensing reflectance Rys(A,6,0 € Q;0,;6,) from above-water measurements of

radiance emitted from the sea surface and sky at zenith and azimuth angles (0,4) and (Gsky,d)sky) , respectively, with

the sun at zenith angle 0,. In the convention adopted for these protocols, azimuth angles ¢ are measured relative to
the sun’s azimuth. The explicit directional notation used in this context arises, because of the directional nature of
skylight reflection (Volume III, Chapter 3) and the bidirectional nature of ocean’s remote sensing reflectance

(Volume III, Chapter 4). Both L (X,6,0€Q.0,;6,) and Ry (A,0,0 €y, ;0,) are Apparent Optical Properties

(AOP), which for any combination of Inherent Optical Properties (IOP) in a water mass, are dependent on the
incident radiance distribution at the sea surface. For clear sky conditions, variations in surface radiance distribution
are governed primarily by variations in solar zenith angle 6, and aerosol types and amounts. For a given radiance
distribution, the radiance measurements are sensitive to the observation angles (0,¢) relative to the sun’s principal
plane and the unit vector normal to the sea surface, and to a lesser extent, to the magnitude of the radiometer’s solid
angle field of view Q,, sr.

Chapter 3 (Volume III) is organized around 3 alternative proposed Rys(A,6,¢€Q;0,;6,) measurement

concepts:
1. Calibrated radiance and irradiance measurements;
2. Uncalibrated radiance and reflectance plaque measurements; and
3. Calibrated polarized surface radiance measurements with modeled irradiance and sky radiance.

The discussion of provisional protocols for measurement and analysis methods distinguish between special
considerations applicable to methods 1, 2 and 3. Required ancillary measurements include sun photometer
measurements of aerosol optical depth, wind speed and direction, and cloud conditions — variables of special
significance for removing reflected sky radiance from the measured surface radiance. The sky radiance reflectance
of the sea surface, its sensitivity to (0,¢) and 6,, and proposed methods for estimating it under clear and cloudy sky
conditions, are reviewed in Section 3.4 of Volume III, Chapter 3.

Currently, there is no firm basis for recommending any of the three proposed measurement concepts, and the
protocols remain provisional in many respects. For any of the three methods, recommended viewing angles are
(0, ¢) = (40°, 135°). Specific recommendations are also made regarding preferred methods for estimating skylight
reflectance under clear and overcast sky conditions; corrections for skylight reflectance under partially cloudy skies
are problematic.

The specific recommendations for viewing angles and skylight correction methods are not unanimously
endorsed by the co-authors of Chapter 3. Z.P. Lee (personal comm.), for example, takes strong exception to the

superiority of the 6 = 40° viewing angle, especially at wind speeds > 5 m 5! using a radiometer with a 20° FOV
(full-angle). In this context, he points out correctly, that the angular and wind-speed dependencies of the reflectance
of the sea surface are both much stronger in the range 30° < 0 <40° than they are in the range 20°<0<40°. The

angular and wind speed W dependencies of surface reflectance p(6,0',) closely resemble the inverse of the
function ‘.R(O’, 6,W) (Volume III, Chapter 4, Figure 4.4), as these attributes of that function are dominated by the
factor [l—p(e',G,W)] and p(6,0,W)=p(0,06,/). It is apparent that viewing angle and wind-speed related

uncertainties of both skylight reflection from, and upward radiance transmission through, the interface are much
larger at the larger viewing angles. As a partial exception to this criticism, a 20° FOV is probably too large for
either pointing angle, but the point is otherwise well taken.

There are other comments and criticisms, both from co-authors of Chapter 3 and others, which should be
addressed to update and revise the protocols for above-water radiometric measurements and analyses in a future
revision to this protocol document. Such revisions must be preceded, however, first by more definitive
determinations than have been realized to date of the uncertainty budgets of the proposed methods, and then by
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proceedings of some forum convened to discern that a new consensus on this topic has emerged within the ocean
color research community.

1.4 NORMALIZED WATER-LEAVING RADIANCE AND REMOTE-
SENSING REFLECTANCE: BIDIRECTIONAL REFLECTANCE AND
OTHER FACTORS

The water-leaving radiances and remote-sensing reflectances derived by the measurement methods of Volume
II1, Chapters 2 and 3 are AOP that vary as functions of the solar zenith angle 0,, the radiance viewing azimuth and
zenith angles (0, ¢), the earth-sun distance d on a particular day of the year, the transmission of the sun through the
earth’s atmosphere, and the ocean’s Bidirectional Reflectance Distribution Function (BRDF) (Morel and Gentili
1990, 1993, 1996; Morel et al. 1995). The ocean’s BRDF is a function of the sea state and seawater IOP: a()), b(L),
by(A) and scattering phase function B(A,¥)/b(A). Volume III, Chapter 4 reviews the physical process at the interface
and in the water that act, in concert with the vector radiance field transmitted across the interface, to create the ocean
BRDF. These processes lead, in turn to the bidirectional properties of water-leaving radiance L, (X, 9,¢) ,

normalized water-leaving radiance L., (X) (Gordon and Clark 1981), and remote-sensing reflectance

Ry (X,G, ¢;eo) (Volume III, Chapter 3). A general method is presented, by which radiative transfer solutions for

particular boundary conditions (the downward radiance field above the surface and the wind speed dependent
surface reflectance) and IOP profiles, may be used to transform L, (X) to exact normalized water-leaving radiance

L3 (%), which no longer has bidirectional properties. For vertically homogeneous Case-1 waters with
Chl <3 mgm™, Chapter 4 also presents and describes in detail the characteristics of a simplified, approximate

solution for transforming L, () to L3y (1) ; the IOP are parameterized as functions of Ch/, and lookup tables are

available on-line over the Internet (Morel and Maritorena 2001). Aside from numbering changes, and correction of
a few typographic errors, the contents of Volume III, Chapter 4 (Revision 4) are taken verbatim from Chapter 13 of
Revision 3 (Mueller and Fargion 2002).

1.5 SUN AND SKY RADIANCE MEASUREMENTS

Volume III, Chapter 5 covers protocols for measurements to determine the optical thickness of the atmosphere,
and atmospheric optical properties derived from sky radiance distributions. Protocols for atmospheric radiometric
measurements were addressed only superficially in Mueller and Austin (1995). A new chapter on this subject first
appeared as Chapter 11 in Revision 2 to these protocols (Fargion and Mueller 2000), and then with modest editorial
revisions as Chapter 14 in Revision 3 (Mueller and Fargion 2002). This material appears here as Volume III,
Chapter 5, again with editorial corrections and renumbering. Equation (14.6) in Chapter 14 of Revision 3 (Mueller
and Fargion 2001), giving the Rayleigh optical thickness of the standard atmosphere, was written incorrectly (both
in form and values of coefficients); the correct relationship appears here as equations (5.16) and (5.17) (Volume III,
Chapter 5). There are no other significant changes from Chapter 14 of Revision 3 (Mueller and Fargion 2002).

Chapter 5 provides detailed protocols for two types of radiometric measurements essential to verify atmospheric
correction algorithms and to calibrate vicariously satellite ocean color sensors. The first type is a photometric
measurement of the direct solar beam to determine the optical thickness of the atmosphere. The intensity of the
solar beam can be measured directly, or obtained indirectly from shadow-band radiometer measurements of diffuse
global upper hemispheric irradiance. The second type is a measurement of the solar aureole and sky radiance
distribution using a radiance distribution camera, or a scanning radiometer viewing in and perpendicular to the solar
principal plane. From the two types of measurements, the optical properties and concentration of aerosols can be
derived.

Chapter 5 presents measurement protocols for radiometers commonly used to measure direct atmospheric
transmittance and sky radiance, namely standard sun photometers, fast-rotating shadow-band radiometers,
automating sky scanning systems, and CCD cameras. Discussed are methods and procedures to analyze and
maintain quality control over the data, as well as proper measurement strategies for evaluating atmospheric
correction algorithms and satellite-derived ocean color products.
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1.6 FUTURE DIRECTIONS

Within each of the protocol topics presented in this Volume, there are several areas where additional research is
needed to resolve open questions, better determine uncertainty budgets and/or improve the recommended
measurement and analysis methods. Topics generally recognized as needing improvement include those described
below for each chapter.

Other closely related protocol topic areas are widely recognized as needing improvements, but they do not fall
cleanly within any one of the chapters presented here. One example of such a topic is the determination and
interpretation of water-leaving radiance from optically shallow water-masses over a reflecting bottom (Hamilton et
al. 1993; Lee et al. 1998, 1999). Another example concerns methods of determining of water-leaving radiance, its
uncertainty budget, and its interpretation in very turbid Case 1 and Case 2 water-masses; the more promising
candidate approaches to this problem area may well include some combination of in-water and above-water
radiometry (e.g. Toole et al. 2000) with in situ IOP measurements (Volume IV).

Chapter 2: In-Water Radiometry
The need to extrapolate L, (z,?») upward to determine L, (0',}\.) is a significant, but poorly understood,

source of uncertainty in water-leaving radiance derived from in-water radiometric measurements. As discussed in
Section 2.4, the uppermost usable readings in L (2,7») profiles are typically in the depth interval 0.5 m<z<2m,

where focusing and defocusing of incident radiance by surface waves typically causes large temporal and spatial
variations in E, (z,A) and L,(z,)) (bright flashes and shadow-like features) (Zaneveld et al. 2001). Cloud cover

variations within and between individual profiles, acting through changes in the surface radiance distribution, are a
second important source of variability that cannot be completely accounted for by above-water measurements of

E (k) Variations in the surface slope distribution in response to wind gusts (e.g., Cox and Munk 1954) also
introduce significant, albeit less obvious, ambient variations in E,(z,A) and L, (z,A) profiles. To date,
investigations of uncertainty in L, (O',k) and Ly (A)derived from in-water measurements have addressed

differences between these quantities derived from selected L, (z,k) profiles using different methods of analysis in

Data Analysis Round Robin (DARR) exercises (Siegel et al. 1994; Hooker et al. 2002), and comparisons of results
from profiles measured using different instrument configuration and deployment methods (Hooker and Maritorena
2000). Neither approach is capable of separating the intrinsic underlying uncertainty due to ambient variability
during and between individual measurements from uncertainty associated with different methods of treating the data
in its analysis (including subjective judgments by the analyst). Additional research is needed, with possible
approaches including more comprehensive DARR evaluations, and new experimental work to improve the statistical
characterization of ambient fluctuations of vector radiant fields at and near the air-sea interface.

The provisional protocol for instrument self-shading corrections of L, (O’,k) , adapted from Gordon and Ding

(1992) and the provisional experimental confirmation by Zibordi and Ferrari (1995), should be extended to more
complicated instrument configurations and to account for reflections, as well as shading by the instrument body.
The suggested approaches are to model specific sensor aperture and instrument configurations, following the general
methodology introduced by Gordon and Ding (1992), and to then pursue controlled experiments extending the
methods of Zibordi and Ferrari (1995) to the geometries of those configurations. Instrument configurations for
which improved self-shading correction models are needed include:

1. A nadir-viewing sensor aperture located away from the center of a cylindrical instrument housing. The
shipboard, profiling version of the Marine Optical System (MOS), used in support of the Marine Optical
BuoY (MOBY) observatory (Volume VI, Chapter 2), is one example of such an instrument
configuration. Compared to the concentric geometry of the Gordon and Ding (1992) model, this
geometry will decrease self-shading when the solar azimuth is on the side of instrument where the
aperture is located, and conversely, self-shading will be increased when the solar azimuth is opposite the
aperture offset azimuth.

2. An off-center sensor aperture that views outward, at an off-nadir angle, from beneath a cylindrical (or
spherical) housing, such as the hull of a bio-optical buoy, for example (Volume VI, Chapter 3).
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Intuitively, this viewing geometry offers a further reduction in self-shading when the solar azimuth is
within <90° of the sensor offset direction. On the other hand, it is necessary to correct also for the full
effect of the ocean’s BRDF in this sensor viewing geometry (Volume III, Chapter 4).

3. A small, nadir-viewing sensor aperture mounted on the underside of a narrow, horizontal spar, such as
for example, the MOS spectrograph L, (z,%) heads mounted on MOBY (Volume VI, Chapter 2). This

sensor mounting geometry minimizes self-shading of a buoy-mounted sensor for most solar azimuth

BT}

angles, but it also varies the “instrument’s” effective self-shading geometric cross section as a function of
solar azimuth angle, as well as solar zenith angle.

Chapter 3: Above-Water Radiometry

The shortcomings of the provisional protocols, and the poorly understood uncertainty budgets of alternative
proposed methods, for determining water-leaving radiance from above-water radiometric measurements are outlined
above in Section 1.3. The areas requiring further research are discussed in some detail in Chapter 3, together with
suggested methods of approaching the problems.

Chapter 4: Normalized Water-Leaving Radiance and the ocean’s BRDF

The theory and method for determining exact normalized water-leaving radiance is complete and general as
presented in Chapter 4. The approximate implementation using empirical functions of the remote-sensing
chlorophyll concentration Ch/ to represent IOP dependence, on the other hand, is limited to homogenous, relatively

clear Case 1 water masses with Chl/<3 mgm®. Preliminary analysis of upwelling radiance distribution

measurements at the MOBY site suggest that this approximation appears to work reasonably well (~1 % to 2 %)
within those limits (K. Voss, Pers. Comm.). Additional solutions are required for application to more turbid Case 1
and Case 2 water masses. Improved representations of the IOP, and in particular the volume scattering phase

function, will be necessary to account for BRDF effects on Ly, (k, 0,9, 90) in these situations. In Case 2 waters, it
may even be necessary to support Ly, (k) determinations with in situ IOP measurements (Volume IV) on a case-

by-case basis.

Chapter 5: Atmospheric Radiometric Measurements.
Two areas of ongoing research that are expected to improve the atmospheric protocols are the development of:

1. new methods of analysis to determine aerosol phase functions, and other atmospheric optical properties,
from sky radiance distribution measurements, and

2. new methods of cloud screening, and perhaps of sensor attitude determination, in shipboard Fast
Response Shadow-band Radiometer (FRSR) data.
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